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(54) ANTENNA FOR RFID 



(57) An antenna for RFID which can be mounted di- 
rectly on the surface of a management object without 
using a spacer whatever material the surface of the ob- 
ject might be made of. This antenna for RFID (14) is 
electrically connected with an IC chip or capacitor and 
mounted on an article (11). The antenna for RFID (14) 



comprises a conductive member (1 4a) formed into a flat 
plate and mounted on the article (11) at its back and a 
coil body (14b) fixed directly or with a predetermined 
spacing on a conductive member, spirally wound and 
having such a number of turns or a diameter that it has 
a predetermined charact eristics -v^lue in the wound 
state. ■'■«.'.■•>. 
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Description 

Technical Field 

[0001] The present invention relates to an antenna used for a tag using the RFID (Radio Frequency Identification) 
technique. More particularly, the present invention relates to an antenna for RFID which has a spiral coil and will be 
set to an article. 

Background Art 



[0002] A tag is known which has an antenna and an IC chip, storing information about an article to be managed, 
electrically connected to the antenna, as atag using the RFID technique. By transmitting radio waves at a predetermined 
frequency to the antenna from the transceiving antenna of an interrogator, the tag is activated, data is read from the 
IC chip in accordance with a read command through data communication by radio waves, and data is written in the IC 
15 chip in accordance with a write command. Moreover, a 1-bit RFID used for simplest EAS (Electronic Article Surveillance) 
is constituted by a capacitor and an antenna, which resonates by receiving a predetermined frequency and detects 
presence or absence of an article under surveillance. 

[0003] In order to minimize the thickness of the tag, the above conventional antenna for RFID used for the tag uses 
an antenna formed by forming a conductive wire whose surface is covered with an insulating layer into a nearly squared 

20 spiral and attaching it to a base plate or an antenna which is spiral by removing unnecessary portions of a conductive 
layer formed by an aluminum foil or copper foil through etching or punching. In the case of a tag having the above 
antenna, when an article to be managed is made of a metal, the tag is affixed to the article by using a machine screw 
or the like while inserting a spacer having a thickness of 5 to 10 mm and electrical insulating properties between the 
tag and article in order to avoid the influences of the metallic article. 

25 [0004] However, in the case of the above conventional tag, because the spacer has a relat|vely r jarge thickness, the 
interval between the metallic article and tag becomes relatively large, even if the thickness of the antenna can be 
decreased, and a problem thereby occurs in that the tag greatly protrudes from the article to be managed. Therefore, 
the tag may contact a neighboring object while the article is being transported. 

[0005] It is an object of the present invention to provide an antenna for RFID which can be directly affixed to an article 
30 to be managed, without using a spacer, no matter the kind of material making up the surface of the article. 

Disclosure of the Invention 

[0006] The present invention relates to improvement of an antenna for RFID to be affixed to an article electrically 
connected to an IC chip. The antenna for RFID has a conductive member which is formed into [a-fjat plate and whose 
back will be affixed to an article and a coil body which is made spiral so as to face the conductive member and at least 
one of the number of turns and the spiral diameter thereof is adjusted so as to obtain a predetermined characteristic 
value when the coil body is made spiral. wVV ; ; _ : .., 
[0007] In the case of an antenna for RFID of the present invention, the body of a coil is adjusted so that a predeter- 
40 mined characteristic value can be obtained when the body of the coil is wound on the surface of a conductive member. 
Therefore, it is possible to reliably activate a tag by transmitting radio waves at a predetermined frequency to the 
antenna for RFID from the transceiving (transmitting and/or receiving) antenna of an interrogator. Moreover,, in the 
case of this antenna, because the body of the coil is already wound on the front of the conductive member and the 
predetermined characteristic value is obtained, the antenna is not influenced by the metal. in an article to be managed 
45 even if the antenna is directly affixed to the article, and the characteristic value of the coil body is 0 tn^refore not changed 
extremely. Thus, a spacer, which has required to affix an antenna to a metallic article, is unnecessary, and it is possible 
to avoid the tag greatly protruding from an article to be managed. 

[0008] In this case, it is preferable that a conductive member use a sheet, plate, foil, or spiral. conductor whose both 
ends are connected to each other and that the electrical resistance between longitudinal-directional both ends of the 

so conductive member having a width of 1 cm and a length of 1 cm be 5 £2 or less. In this case, it is possible for the 
electrical resistance to be equal to a value of 5 Q or less obtained by changing the material and thickness of the 
conductive member and dividing the specific electric resistance (electric resistivity) by the thickness, and it is possible 
to optionally select the material and thickness of the conductive member. W v 
[0009] Moreover, it is possible for the conductive member to use a conductive paint filrn fprmed'jDy applying a con- 

55 ductive ink to the back of a sheet, plate, or foil made of a nonconductive material such as poiyethyj^Fieior polyethylene 
terephthalate and a conductive metal plating or deposited layer made of Cu or Al layered qn \ the back of the ; sheet, 
plate, or foil of the nonconductive material. In this case, it is preferable to set the gap between the conductive member 
and coil body to 0.01 to 5 mm by using a sheet, plate, or foil with a thickness of 0.01 to 5 mm^,,-, , - 
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[0010] Moreover, it is possible to form a hole at a portion of the conductive member surrounded by the coil body and 
to set a soft magnetic member between the conductive member and coil body. When forming a hole on the conductive 
member corresponding the central portion of the coil body, even if an eddy current is generated on the conductive 
member due to radio waves passing through the coil body, the eddy current is generated in a small range close to the 
coil body, and thus, it is possible to prevent the Q value of the coil body from decreasing. Furthermpre, when an object 
to be set is made of an insulating material or a material allowing electromagnetic waves to pass'through, such as a 
metallic deposited film, it is also possible to use electromagnetic waves passing through the hole. of the conductive 
member, and thereby, the sensitivity of the tag is improved. , ,\V ! f .. 

Alternatively, when setting a soft magnetic member between the conductive member and coil bbd^'because magnetic 
fluxes of the electromagnetic waves flow through the soft magnetic member at a high density, 'a ^desired sensitivity can 
be obtained even if the interval between the conductive member serving as an electric conductor and the coil body 
serving as a coil is small. Moreover, it is allowed that the number of turns and/or spiral diameter of a coil for obtaining 
a predetermined inductance is small and the Q value is also improved. 

[0011] Furthermore, an antenna for RFID In a second aspect of the present invention has a soft magnetic member 
15 which is formed into a flat plate and whose back will be set to an article and a coii body whose number of turns and/ 
or spiral diameter is adjusted so as to obtain a predetermined characteristic value while it is spiral and affixed to the 
surface of the soft magnetic member. 

[0012] In the case of the antennafor RFID of the second aspect of the present invention^ by transmitting radio waves 
while setting the antenna on an article formed of metal, a soft magnetic member prevents radio waves from passing 
20 through a metallic portion and thereby, no eddy current is generated on the metallic portion. As a result, a tag is activated, 
a spacer has been previously required is unnecessary, and it is possible to prevent the antenna from contacting with 
a neighboring object when the article is transported. 

[0013] In the case of a soft magnetic member, it is preferable that the product of the magnetic permeability and the 
thickness shown in millimeters of the soft magnetic member be 0.5 or more. Moreover, it is. .preferable that a soft 

25 magnetic member be formed by a soft magnetic material of any one of a rapidly solidifying ; rn$t^ 

rolling material, forging material, and sintering material of an amorphous alloy, permalloy, magnetic.. steel, sillipon steel, 
sendust alloy, Fe-AI alloy, or soft-magnetic ferrite. Furthermore, it is possible for the soft magnetic member to be a 
composite material of fine particles or flakes of a metal or ferrite and plastic or rubber, pr^fgaijjt' fil^containiivg fine 
particles of flakes of a metal or ferrite. Furthermore, it is possible for a soft magnetic mem^r v ^j^^^h6^j|^«heet 

30 obtained by adhering a plurality of flakes made of a metal or soft-magnetic ferrite to th&^^ij^'§;4(.f[jbas^^at9rial 
sheet made of plastic so that the flakes closely contact with each other. Furthermore, it is^ppssibje to. use a larrjinated 
sheet obtained by arranging a plurality of flakes made of a metal or soft-magnetic ferrite on the surface of a base- 
material sheet made of plastic so that the flakes closely contact each other, covering the,flakes ; with a covej; sheet 
made of plastic, and adhering the base-material sheet and the cover sheet together. 



25 



Brief Description of the Drawings 

, | v - - \ ... - 

[0014] 



40 Figure 1 is a top view of a tag including an antenna for RFID of a first embodiment of the present invention; 

Figure 2 is a sectional view taken along the line A-A of Figure 1 ; 

Figure 3 is a top view of a tag including an antenna on whose conductive member a hole is:formed corresponding 
to Figure 1 ; . ^. . 

Figure 4 is a sectional view of the antenna in Figure 3 corresponding to Figure 2; rjg^ite'ej&j. 

45 Figure 5 is a sectional view, corresponding to Figure 2, showing an antenna of a second '"ei^pijl'mentln. which a 

soft magnetic member is set; :..^ v ;iv^'- 
Figure 6 is a sectional view, corresponding to Figure 2, showing an antenna of a th i rcl;^pTi^^|rtrie|it.in which a soft 
magnetic member is affixed to an article; o^r i>M ^ . -.i:oh 

Figure 7 is a top view, corresponding to Figure 1 , showing a case in which the body of -a Gpji;^ 1 jgUadra ngu I ar; ^an d 

50 Figure 8 is an illustration showing a state of confirming operations of a tag of an embpplirpent. ■ ■ - ' \ 4 . .^.'-■- h 

Best Mode for Carrying Out the Invention 

'. '• ' " : * ' 

*" ' 

[0015] Now, the first embodiment of the present invention is described below with reference to the accompanying 
55 drawings. 

[0016] As shown in Figures 1 and 2, an RFID tag 12 is affixed to the surface of an article 11, and the tag 12 has an 
IC chip 13 storing specific information which differs for every article 11 and an antennafor RFID 14 electrically connected 
to the IC chip 13. In the case of the article 11 of this embodiment, to a portion of which a tag is affixed is formed by a 
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metallic material. The antenna 14 of the present invention has a conductive member 14a;formedMntb a flat plate by a 
conductive material is mounted on the article 11 at its back and a coil body 14b formed spiral ly-atthe front side of the 
conductive member 14a. 

[0017] The conductive member 14a uses a sheet, plate, or foil made of a conductive material such as copper or 

5 aluminum and it is possible to use a spiral electric conductor whose both ends are connected to each other. Moreover, 
as long as the conductive member 1 4a has conducting properties, it is possible for the member 1 4a to be a conductive 
paint film obtained by applying a conductive ink to the back of a nonconductive sheet, plate, or foil 16 made of poly- 
ethylene or polyethylene terephthalate and drying it as shown in the enlarged view in Figure 2. It is preferable that a 
conductive paint contain particles or flakes of silver or graphite. Furthermore, it is possible for the conductive member 

10 14a to be a conductive metal plating layer or deposited film laminated on the back of the nonconductive sheet, plate, 
or foil 1 6. When using the conductive member 1 4a made of a paint film, metal plating, or deposited layer, it is preferable 
that the nonconductive sheet, plate or foil 16 have a thickness of 0.01 to 5 mm. By setting the thickness of the'sheet, 
plate, or foil 1 6 to 0.01 to 5 mm, the interval between the conductive member 14a and coil body, 1£b jncreasesj and it 
is possible to improve the Q value of the coil body 14b and the performance as an antenna. Moreover, it is preferable 

15 that the electric resistance for a width of 1 cm and length of 1 cm of the conductive member i4a be 5 Cl or less. 

[0018] The spiral coil body 14b uses a conventional coil body having been used so far. That is, the coil body 14b is 
formed by winding a coated copper wire or uses a coil body formed by removing unnecessary portions of a conductive 
layer such as an aluminum foil or copper foil laminated on an insulating plastic sheet through etching or thin-plate 
punching and forming a spiral. When the coil body 1 4b is formed by an aluminum foil or copper foil, it is necessary to 

20 fix the coil body 14b to the front of the conductive member 14a through an insulating film (nqt^^wr))jjp order tq_p/eyent 
the coil body 14b from being electrically connected with the conductive member 14a. Morepvex^hen the conductive 
member 14a is formed by a nonconductive sheet, plate, or foil and a paint film, metal plating, or deposited layer formed 
on the back of the sheet, plate, or foil, it is allowed to directly laminate an aluminum foil or copper foil on the surface 
of the nonconductive sheet, plate, or foil, remove unnecessary portions of the aluminum or copper foil through etching, 

25 and directly form the spiral coil body 14b on the surface of the aluminum or copper foil. The cpj.l body 14b is formed 
by adjusting the number of turns and/or spiral diameter of the coil body 14b so that a predetermined characteristic 
value can be secured while the coil body 14b is wound on the front of the conductive memb»er/.1$a. The IC chip 13 of 
this embodiment is directly adhered onto the conductive member 14a while it is connected^ both; ends of the coil body 

30 [0019] In the case of the antenna for RFID 14 constituted as described above, by fixin^ttegoiyapdy 14b to the 
conductive member 14a, the characteristic value generally changes. However, because thec^ 
so that a predetermined characteristic value can be secured while it is wound on the frapt ;^itW^P^pt|^g^ember 
14a, it is possible to reliably activate the tag 12 by transmitting radio waves at a predetermined freo^ency.to the afttenn a 
14 from thetransceiving antenna of an interrogator (not shown). Moreover, in the case of the antenna 14, the.cojl body 

35 14b for actually receiving radio waves at a predetermined frequency is already wound on the front of the conductive 
member 14a and a predetermined characteristic value is secured. Therefore, even if the antenna ^ |4 Js, directly c aff ixed 
to a metallic article, the characteristic value of the coil body 1 4b is not extremely changed. Therefore, a spacer, which 
has been necessary to affix the antenna 14 to a metallic article, is unnecessary, and it is possible to prevent the tag 
12 from greatly protruding from an article and to reliably activate the tag 12 without beingj.n|luenc^d by the metallic 

40 art id e . '. .•' ' \ . - , , • . " - * . 

[0020] As shown in Figures 3 and 4, by forming a hole 14c at a portion of the conductive member 14a surrounded 
by the coil body 1 4b, change of inductances and deterioration of the Q value of the coil due to the surface of an article 
are maintained within their tolerances when the surface is formed of a conducive material or magnetic material because 
the periphery of the coil is shielded by a conductive material. Moreover, when an article is made of a material allowing 

45 radio waves to pass, such as an insulating material or metallic deposited film, the sensitivity of a tag is improved 
because it is possible to use radio waves which pass through a hole but which cannot be used wftpn there is no hole. 
[0021] Figure 5 shows a second embodiment of the present invention. In Figure 5, the %ma,ref^nce numerals, as 
in Figures 1 and 2 are used to indicate the same components. ■ • 

[0022] This embodiment uses an antenna for RFID 24 in which a flat soft magnetic me.mber c 2^is^et between the 

so conductive member 1 4a and coil body 1 4b of the antenna of the above first embodiment. Jn^t^i^^ fcecausejdetai Is 
of the conductive member 1 4a and coil body 14b are the same as those of the first embodim^ure^etitiye description 
is omitted. • ;> 

[0023] It is preferable that the soft magnetic member 26 is formed by any one of soft majgn^c Materials such as a 
rapidly solidifying material, casting material, rolling material, forging material, and sintering ( material pf an amorphous 

55 alloy, permalloy, magnetic steel, sillicon steel, sendust alloy, Fe-AI alloy, or soft-magnetic ferrite :> and;the product of the 
magnetic permeability and the thickness shown in millimeters of the soft magnetic member 26 is,0.5 or more. Moreover, 
as long as the soft magnetic member 26 has magnetism, it is possible for the member 26 to be a composite material 
of fine particles or flakes of a metal or ferrite and plastic or rubber, or a paint film of a paint confining fine particles or 
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flakes of a metal orferrite. In this case, as the plastic of the compound material, it is possible^ use a. thermoplastic 
resin which is superior in workability or a thermosetting resin which is superior in heat resl^^e^Mb^over.^ijnii^alte 
fine particles include carbonyl iron powder, atomized powder such as iron-permalloy, and reduced iron powder.. Alter- 
natively, it is possible for the metallic flakes to be flakes obtained by fining the above powder j*y atoall mill ahcl then 
5 mechanically flattening the powder or flakes obtained by making molten-metal particles of an iron-based or. cobalt- 
based amorphous alloy collide with water-cooled copper. ... 
[0024] Furthermore, when using a plurality of flakes made of a metal or soft-magnetic ferrite, it is allowed to constitute 
the soft magnetic member 26 by an adhesive sheet obtained by adhering flakes to the surface of a base-material sheet 
made of plastic so that the flakes closely contact with each other or constitute the soft magnetic member 26 by a 
10 laminated sheet obtained by arranging a plurality of flakes made of a metal or soft magnetic ferrite on the surface of 
a base-material sheet made of plastic so that the flakes closely contact with each other, covering the flakes with a 
cover sheet made of plastic, and adhering the base-material sheet and the cover sheet together. 
[0025] Furthermore, to use a compound material as the soft magnetic member 26, it is possible to form the soft 
magnetic material 26 by injection-molding or compression-molding the member 26. The soft magnetic member 26 thus 
is formed does not easily crack even if its thickness decreases because it is tough compared to a soft magnetic member 
formed by weak ferrite. Moreover, because fine particles of flakes of a metal or ferrite are distributed into plastic or 
rubber and are insulated from each other, the soft magnetic member 26 is not conductive as a whoie and eddy currents 
do not occur even when receiving high-frequency radio waves. - : : 

[0026] When the soft magnetic member 26 is made of a composite material, it is p referable to f 6 rm f i n e particles or 
flakes so that the thicknesses thereof are 74 yum or less, in order to prevent eddy currents,fr;6^(Qq9u.ring i%the fine 
particles or flakes of a metal or ferrite. Moreover, as a plastic, it is preferable to use any/^i^^^hifl^i^P^jy 6 ^ 8 ^ 
polyvinyl-chloride, polyethylene, polystyrene, and epoxy resins. In this case, the thickness of th^.o^magnetiq member 
26 is not restricted as long as the electromagnetic shielding effect is exhibited. However, it is. preferable that tty| thick- 
ness range between 20 and 3,000 jam for practical use. , vi . 
25 [0027] In the case of the antenna for RFID 24 thus constituted, because magnetic fluxes of electromagnetic waves 
flow through the soft magnetic member 26 at a high density, a desired sensitive is obtained even if the interval between 
the conductive member 14a and coil body 14b is small, it is possible for the number of turns and/or spiral diameter of 
a coil for obtaining a predetermined conductance to be small, and the Q value is improved; ^s ; 3;n|^|Lilt r a spaperfWhich 
has been required to affix the antenna 24 to a metallic article, is unnecessary, the tag 1 2 is prevented from protruding 
30 from an article to be managed, and it is possible to securely activate the tag 12 without being influenced by the metallic 
article. 

[0028] Figure 6 shows the third embodiment of the present invention. In Figure 6, reference numbers the same as 
those in Figures 1 to 5 indicate the corresponding parts. 

[0029] An antenna for RFID 34 of this embodiment has a soft magnetic member 26 formed into a flat plate whose 

35 back is set to an article and a coil body 14b whose number of turns and/or spiral diameter, is a^ju^tejd so as to obtain 
a predetermined characteristic value in a spiral shape wound and fixed on the surface of the soft magnetic member 
26. Details of the coil body 14b are the same as the case of the first embodiment and the soft magnetic member 26 is 
the same as the case of the second embodiment. The antenna for RFID 14 thus constituted fe^effeitjve when<a pre- 
determined characteristic value of the coil body 1 4b can be secured only through elec^r^.^^p'^^lding of .the soft 

40 magnetic member 26. \: :: :':^0Y^:..' 

[0030] In the case of the antenna for RFID 34, the electromagnetic shielding of the soft magne^ member 2:6 ensures 
that a predetermined characteristic value can be reliably obtained even when affixing the antenna>34 tbthe surface of 
a metallic article, and it is possible to reliably activate the tag 12 by transmitting radio waves at a predetermined fre- 
quency to the antenna 34 from a transceiving antenna of an interrogator (not shown). Therefore; a spacer, which has 

45 been required to affix the antenna 34 to a metallic article, is unnecessary, the tag 1 2 can be prevented from protruding 
from an article to be managed, and it is possible to reliably activate the tag 1 2 without being influenced by the metallic 
article. .iv '.-^Z..^ . . 

[0031] In the case of the first to third embodiments, the coil body 14b is formed into a nearly- circular spiral shape. 
However, it is also possible to form the coil body 14b into a nearly elliptical spiral shape, a nearly square spiral shape 

50 shown in Figure 7, or another spiral shape. 

Experimental Examples 

[0032] Next, Experimental Examples of the present invention are described below in detajJ.togetj].e,r v with Comparative 
55 Examples. . XtfX V- * - 
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Experimental Example 1> LiiV.v.^ 

[0033] As shown in Figures 1 and 2, a coil body with an outer diameter of 50 mm and an inner diameter of 49 mm 
was made by winding a coated copper wire having a diameter of 0.2 mm four to five times. Moreover, a mild-steel plate 

5 having a size of 100x100 mm and a thickness of 0.16 mm was prepared as an article and a n0h-metallic acrylic plate 
having the same shape and size as the mild-steel plate was also prepared for comparison. As ja conductive member, 
an aluminum plate having a size of 50x50 mm and a thickness of 0.2 mm was affixed to the surfaces of the mild-steel 
plate and acrylic plate, respectively. Then, the L1 value and the Q1 value of the coil body were measured by directly 
affixing the coil body at the surface of the aluminum plate which is affixed on the mild-steel plate, or by maintaining a 

10 predetermined interval to the surface of the aluminum plate. Thereafter, the values of L2 and .Q^i were measured by 
directly affixing the coil body at the surface of the aluminum plate which is affixed on the acrylic plateror by maintaining 
a predetermined interval to the surface of the aluminum plate. 



15 
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Experimental Example 2> 



[0034] A soft magnetic member was set between the coil body and aluminum plate of the Experimental Example 1 . 
The soft magnetic member used a member having an outer diameter of 60 mm and a thicKness.of $.34. mm which was 
obtained by injection-molding a composite material made of 72% of carbonyl iron and polyethylene and then com- 
pressing the moulded composite material. The coil body of the Experimental Example 1 was brought into close contact 

20 with the surface of the soft magnetic member 26 to measure the L1 value and the Q1 value of the ebij.body by directly 
bringing the back of the soft magnetic member 26 into contact with the surface of an aluminurn plate set on the mild- 
steel plate of the Experimental Example 1 or setting the soft magnetic member 26 by n^i)j4^iy^gr;e^^jjnineG| 
interval. Then, the L2 value and the Q2 value of the coil body were measured by directly brjn^^-ttie, back.of4be soft 
magnetic member 26 into contact with the surface of the aluminum plate set on the acryffc^j^^ft^.-Ex^jffgieptal 

25 Example 1 or disposing the soft magnetic member 26 by maintaining a predetermined inten/^pherebetweenvThen, 
L1/L2 was obtained. 



Experimental Example 3> 



30 [0035] L1 and Q1 values and L2 and Q2 values of a coil body were measured in a manhW'ai ( gj([ai:>to that. in! Exper- 
imental Example 1 , except that an aluminum foil having a thickness of 1 0 urn was used instead of the aluminum plate 
of the Experimental Example 1 , and L1/L2 was determined. 



Experimental Example 4> 

[0036] L1 and Q1 values and L2 and Q2 values of a coil body were measured in a manner similar to that in Exper- 
imental Example 1 , except that an aluminum foil having a thickness of 1 0 ujti was used in^tpa^^fihe aluminum plate 
of the Experimental Example 2, and L1/L2 was determined. -..J;>:"i! r 

40 Comparative Example 1> ivwtir-i^ 

[0037] l_1 and Q1 values of a coil body were measured by setting the coil body to the sgrifac^ $g ^iid-sjj0ej plate 
serving as the article of the Experimental Example 1 directly or by maintaining a predetermine|Jnt§ryai.thereb^tween. 
Moreover, L2 and Q2 values of a coil body were measured by disposing the coil body at the SLjrfaceiPf an acryjjc plate 
45 directly or by maintaining a predetermined interval therebetween. Then, L1/L2 was determined.. Table 1 shows the 
above measurement results. 
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1.855 


33.1 


1.969 


22 . 0 


94 


i • 


0.607 


2.129 


36.4 


2.146 


36.6 


99 


member 


1.214 


2.281 


38.2 


2.329 


37.9 


98 






1.821 


2.456 


39.9 


2.507 




9fc 




2.428 


2.586 


39.3 


2.549 


39.5 i. 


101 




Gap between 


0 


2.968 


77.2 


1.213 1 


'<* 8' • 


245 


1 -H 

■p a> 


metallic plate 
and coil boc^ 


0.607 


2.968 


77.2 


1.359 


m$ i 


2 ltfj 


n a 




1.214 


2.968 


77.2 


1.612 


; 14^ 5 j 


184 _ 


H 

o w 




1.821 


2.968 


77.2 


1.801 


If .-3 


165 ... 






2.428 


2.968 


77.2 


1.963 


2<fvl : 


151 


The measurement frequency used 13.56 MHz. 
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[0039] As shown in Table 1, In the case of the Comparative Example 1, it was found that the value of L1/L2 was 
large, the change rate is large when directly affixing a coil body on a metal, and a tag can not.ie ^activated when the 
coil body is actually used for the tag. Moreover, the fact is clarified that as the interval betweep the coil body and the 
metal increases, the change rate decreases and a tag cannot be activated unless the conventjonaj antenna constituted 
by only the coil body is affixed to the metal surface through a spacer having a predetermined thickness, 
[0040] In the case of the Experimental Examples 1 and 3 in which an aluminum plate or a ? l urn ilturfi i foil is set between 
a metallic plate and a coil body, it was found that the value of L1/L2 showing a change* of ^;^xjr0rnely increases. 
Therefore, even if directly affixing an antennafor RFID to which a coil body whose number ofiturps arjd/6rspirai L diameter 
is adjusted so as to obtain a predetermined characteristic value while the coil body is^S^hd^rr^e surface of a 
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conductive member is affixed to a metallic article, it can be expected that functions of the antenna can be exhibited 
and it was found that the present invention is effected. 

[0041] Moreover, in the case of the Experimental Examples 2 and 4 in which a soft magnetic member is further 
disposed between an aluminum plate or aluminum foil and a coil body, it was found that the valueof-L1/L2 was extremely 

5 decreased compared to the case of the Comparative Example 1 and the Q value was improved compared to the case 
of the Experimental Examples 1 and 3. Q values are increased, loss due to eddy currents,. are; decreased, and char- 
acteristics of an antennafor RFID are improved. Therefore, in the case of the present invention Tit whibh a softmagnetic 
member is disposed between a conductive member and a coil body, it was found that functions pfian antenna can be 
sufficiently improved. .yl^pCf'V^'iT.? ■:■ .. 

10 [0042] Now, an Experimental Example showing whether a tag using an antenna of the present, invention ^actually 
operates is described below in detail together with a Comparative Example. •:; ;'. 

Experimental Example 5> 

15 [0043] As shown in Figures 1 and 2, a coil body having an outer diameter of 50 mm and an inner diameter of 49 mm 
was made by winding a coated copper wire having a diameter of 0.2 mm four to five times. An aluminum foil having a 
thickness of 10 jam and a size of 60X60 mm was prepared as a conductive member. An RFID tag was obtained by 
directly affixing the coil body to the surface of the aluminum foil and electrically connecting an. IC chip to the coil body. 
The tag was used as the Experimental Example 5 



20 



30 



Experimental Example 6> 



[0044] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. Moreover, an aluminum foil having the same shape and 
25 same size as the case of the Experimental Example 5 and an acrylic plate having the s^.ejjO^ute^cliameter as the 
aluminum foil and a thickness of 0.607 mm were prepared. An RFID tag was obtained byv^ffixing'fthe.coil body to, the 
surface of the aluminum foil through the acrylic plate and electrically connecting an IC chipjtq the>c r 9il body. Thus, the 
tag to which the coil body was affixed by maintaining an interval of 0.607 mm from the aluminum-foil was used as the 
Experimental Example 6. 



Experimental Example 7> "r^ : \ 



[0045] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. Moreover, an aluminum foil having, .the. same shape and 
35 size as the case of the Experimental Example 5 was prepared to form a circular hole having a diameter of 40 mm at 
the center of the aluminum foil. A coil body was affixed to the surface of the aluminum foil so as to surround the circular 
hole and an RFID tag was obtained by electrically connecting an IC chip to the coil body. The tagj i rj > which the. .coil body 
was affixed to the aluminum foil on which the circular hole is formed was used as the Experimental Example 7. 

■ _ t 

40 Experimental Example 8> 

[0046] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. Moreover, an aluminum foil serving as a conductive member 
having the same shape and size as the case of the Experimental Example 5 and a composite materjgN.ncluding carbonyl 
45 iron having a thickness of 0.34 mm and a size of 60x60 mm serving as a soft magnetic m.^^^^^^prep^red! A coil 
body was affixed to the surface of the aluminum foil through the compound material and arji RFir^^gg was obtained by 
electrically connecting an IC chip to the coil body. Thus, the tag, in which a flat soft magn^tjq^qr|\be/ was disposed 
between the conductive member and coil body, was used as the Experimental Example 8. ] ■ 

50 Experimental Example 9> X. ' 

[0047] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Examples. Moreover, an aluminum foil serving as a conductive member 
having the same shape and size as the case of the Experimental Example 5 was prepared and a paint containing flaky 
55 magnetic powder was applied to the aluminum foil and was dried to form a paint film having a thickness of 0.2 mm 
serving as a soft magnetic member on the surface of the aluminum foil. The coil body was, affjxeaUo,the surface of the 
paint film and an RFID tag was obtained by electrically connecting an IC chip to the coil bgdy/^h^.tag jn which a paint 
film serving as a soft magnetic member was formed between the conductive member and coil body was used as the 
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Experimental Example 9. 
Experimental Example 10> 

[0048] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. Moreover, a composite material containing carbonyl iron 
having a thickness of 0.34 mm and a size of 60x60 mm was prepared as a soft magnetic member. A paint containing 
silver powder was applied to the back of the composite material and was dried to form a paint film serving as a conductive 
member having a thickness of 0.15 mm on the back of the composite material. Moreover,. the cqjl body was affixed to 
the surface of the composite material and an RFID tag was obtained by electrically connecting -,ap r jp .chip. to the coil 
body. The tag in which the composite material serving as a soft magnetic member was disposed between the paint 
film and coil body was used as the Experimental Example 10. 

Experimental Example 11> 

[0049] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. A paint film having a thickness of ;0.f 5 mm serving as a 
conductive member was formed on the back of a composite material in accordance with the same procedure as the 
case of the Experimental Example 1 0. The paint film is peeled off the compound material. A coil body was fixed to the 
surface of the paint film serving as a conductive member and an RFID tag was obtained by electrically connecting an 
IC chip to the coil body. The tag having the paint film serving as a conductive member was used as the Experimental 
Example 11 . 

Experimental Example 12> .... . . 

[0050] A coil body the same as that used for the Experimental Example 5 was made in accordance with th£ same 
procedures as in the case of the Experimental Example 5. A discoid ferrite plate having a thickness of 1 mm and a 
diameter of 60 mm was prepared as a conductive member. The coil body was directly affixed to the surface of the 
ferrite plate and an RFID tag was obtained by electrically connecting an IC chip to the coi.^Q.^y* r J|jie^g s w^ ; used : as 
the Experimental Example 12. ■;-?»> *f : - ' 

<Comparative Example 2> 

[0051] A coil body the same as that used for the Experimental Example 5 was made in accordance with the same 
procedures as in the case of the Experimental Example 5. An RFID tag was obtained by electrically connecting an IC 
chip to the coil body. The tag constituted by the coil body and IC chip was used as the Cgmpar(atjm£xample 2. 

: iVj'rt - l. ■ 

<Comparative Example 3> ■■. . ■. - ■■■',..= _ 

[0052] A coil body obtained by winding a coated copper wire having a diameter of 0.2 .rpm j^ja^cqmposite rpaterial 
containing carbonyl iron having a thickness of 1 mm and a size of 40x40 mm ten times was made. An RFID tag was 
obtained by electrically connecting an IC chip to the coil body. The tag constituted by the bobbin-type coil body and IC 
chip was used as the Comparative Example 3. 

Comparative Test and Evaluation> ; . ~* tr . ^ 

[0053] Thicknesses of the tags of the Experimental Examples 5 to 11 and Comparative Examples 2 and 3 were 
measured and L3 and Q3 values of coil bodies were measured by arranging the tags on/ap^Gjryi^'pj^te. Moreover, it 
was determined whether the taf was normally operated by bringing the transceiving ant^nnaf^i a'of the interrogator 
21 shown in Figure 8 close to the tag up to 30 mm. 

[0054] Thereafter, as shown in Figure 8, these tags 12 were arranged on an iron plate having a thickness of 1 mm 
serving as the article 11 to measure L4 and Q4 values of the coil bodies. Then, it was confirmed whether the tag was 
normally operated by bringing the transceiving antenna 21a of the interrogator 21 near to the tag. 12 up to 30 mm. 
[0055] The measured values of L3, L4 and Q3, Q4, and the effect of the operation (operable or inopereble) is listed 
in Table 2. 
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[Table 2] 





Configurationof 
tag 


Thickness (mm) 


Upper stage L3 
(^H) 


Upper stage Q3 


. ' : . Effect of 
operation 








Lower stage L4 


Lower staqe Q4 




Experimental 
Example 5 


Aluminum foil 


0.45 


0.541 
0.567 


8.5 
8.8 


Operable 
Ooerable 


Experimental 
Example 6 


Aluminum foil 
and gap 


1.06 


1.187 
1.172 


27.7 : . > ;•• 
27.5 


/-Operable, 
■■Operable 


Experimental 
Example 7 


Circular-hole 
-provided 
aluminum foil 


0.45 


1.127 
1.067 


27.0 
13.8 


Operable 
Operable 


Experimental 
Example 8 


Compound 

— . J. — ! 1 1 

material and 
aluminum foil 


0.85 


1.855 
1.969 


33.1 
22.0 


Operable 
.Operable 


Experimental 
Example 9 


Magnetic paint 
film and 
aluminum foil 


0.7 


1.754 
1.844 


36.7 
36.8 

r,a !'V'< 


Operable 
"• Operable 


Experimental 
Example 1 0 


Compound 
material and 
conductive 
paint film 


0.8 


1.790 
1 .8207 


36,8' 

36.9 ~" 


■■ Operabl^tiop 
Ooerable 


Experimental 
Example 11 


Conductive 
paint film 


0.5 


0.808 
0.781 


11.4 

12.8. 


Operable 
... Operable 


Experimental 
Example 12 


Ferrite plate 


1.5 


4.611 
4.261 


60.3 . 

38.9 ;;1 


^bperablS 
"Bperable 


Comparative 
Example 2 


Coil only 


0.4 


2.968 
1.213 


77.2 
6.8 


Operable 
Inoperable 


Comparative 
Example 3 


Bobbin-type 
coil 


2.0 


4.356 
4.449 


88.4 
60.4 


Operable ■ 
Inoperable 



[0056] The measurement frequency used 13.56 MHz. — 
[0057] From Table 2, it was found that changes of L and Q when arranging tags on a metal are large in the case of 
the Comparative Example 2 and the tags when arranged on the metal do not operate normally. Ivjorebver, in the case 
of the Comparative Example 3, changes of L and Q when arranging tags on a metal are small ^compared to the case 
of the Comparative Example 2, but the tags did not operate normally when arranged on the1rSSt3T"jt,'&^sti^^ed that 
the above-described matter is caused by the fact that because the magnetic-core direction otfhe soTcalled bobbin- 
type coil coincides with the axial-core direction of the coil, radio waves cannot be transmitted from the transceiving 
antenna of an interrogator approached from the direction orthogonal to the surface of a metal serving as an article. 
[0058] In the case of the Experimental Examples 5 to 9 respectively having a conductive" member formed by an 
aluminum foil and the Experimental Examples 10 and 11 respectively having a conductive member formedby a con- 
ductive paint film, it was found that values of L and Q are relatively small, but their changes are small, and tags when 
arranged on a metal operate normally. Moreover, it was found that values of L and Q areliifi p rovjpcti p th e case of the 
Experimental Example 6 provided with a gap and the Experimental Example 7 in which the circiiiarhole is formed on 
the aluminum foil compared to the case of the Experimental Example 5 in which the coil body is directly fixed to the 
aluminum foil. Furthermore, in the case of the Experimental Examples 8 to 10 in each of which the soft magnetic 
member is set between the conductive member and coil body, it was found that values of Land Q are improved. There- 
fore, in the case of the present invention in which a soft magnetic member is set between a conductive member and 
a coil body, it was found that functions of an antenna are sufficiently improved. 

[0059] Furthermore, in the case of the Experimental Example 12 in which the coil body is fixedfto the surface of the 
ferrite plate serving as a soft magnetic member, it was found that values of L and Q are further improved and the tag 
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operate normally. Therefore, as long as a predetermined characteristic value of a coil body can be secured only through 
electromagnetic shielding of a soft magnetic member, it was found that a predetermined characteristic value can be 
reliably obtained even when a tag is affixed to the surface of a metallic article and the tag can be operated normally. 

• •• 

Industrial Applicability . 

[0060] As described above, according to the present invention, the characteristic value of a coii body is not extremely 
changed even when directly affixing an antenna on a metallic article to be managed, and a spacer, which has been 
required to affix an antenna to a metallic article, is unnecessary, and a tag can be prevented from greatly protruding 
from an article to be managed. J Y. 

[0061] Moreover, a coil body is electromagnetically shielded by a soft magnetic member set between a conductive 
member and the coil body, the Q value of the coil body is improved, adjustment of the number of turns and/or spiral 
diameter of the coil body to be performed to obtain a predetermined characteristic value becomes relatively easy, and 
it is possible to reliably obtain the predetermined characteristic value even if affixing the antenna to the surface of a 
metallic article. 

[0062] Furthermore, by affixing the back of a soft magnetic member to an article and affixing a s t piral coil body to the 
surface of the soft magnetic member directly or by maintaining a predetermined interval therebetween, when trans- 
mitting radio waves while affixing an antenna to a metallic article, eddy currents are not generated at a metallic portion 
because the soft magnetic member prevents the radio waves from passing through the metallic portion. As a result, a 
tag is activated, a spacer, which has been required, is unnecessary, even if an article is made of metal, and it is possible 
to prevent the antenna from contacting with a neighboring object while the article is transported,.. 

Claims 

1. An antenna for RFID electrically connected to an ICchip (13) or capacitor and affixed to ( -arj.^f^cJ^ ( ( XI), comprising: 

O &.§p;'i£e'.. i*."-. ■'..?,S . •••• • 

a conductive member (14a) formed into a flat plate and mounted on the article (Iti'^jj^^^ijand/^. 
a coil body (14b) formed into a spiral and mounted at the front side of the conductive member (14a), 

wherein the number of turns and diameter of said coil body are adjusted so that. the characteristic pf said 
coil body has a predetermined value. , ;c:mW rt;^\-. t .. u, 

. ■'- 1" 

2. The antenna for RFID according to claim 1 , wherein the electrical resistance between both ends of the area having 
a width of 1 cm, and a length of 1 cm of said conductive member (14a) in the longitud^ali^irj^c^Qn is 5.fl or less. 

3. The antenna for RFID according to claim 1 , wherein said conductive member (1 4a) is a sheet, plate, foil, or con- 
ductor in a spiral shape whose both ends are connected to each other. 

4. The antenna for RFID according to claim 1, wherein said conductive member (14a) is a conductive paint film 
obtained by applying a conductive ink to the back of a nonconductive sheet (16), plate, or foil and drying it and 
said coil body (14b) is wound on and fixed to the surface of said sheet (16), plate, or foil. 

5. The antenna for RFID according to claim 1 , wherein said conductive member (14a) is a conductive metal plating 
or deposited film laminated on the back of a nonconductive sheet (16), plate, or foi^ndrS^id ; ^,il body (14b) is 
wound on and affixed to the surface of said sheet (1 6), plate, or foil. ■• '-j-'v ■!..*" 

6. The antenna for RFID according to claim 1 , wherein the gap between said conductive rnefnB^r ancl said coil 
body (14b) ranges between 0.01 and 5 mm. 

7. The antenna for RFID according to claim 1 , wherein a hole (14c) is formed at a portion of said conductive member 
(14a) surrounded by said coil body (14b). 

8. The antenna for RFID according to claim 1 , wherein a soft magnetic member (26) is djsjpoje^d between, said con- 
ductive member (1 4a) and said coil body (14b). i-^li ' ..; 

,'.''.'> 

„■ . -v 

9. An antenna for RFID electrically connected to an IC chip (13) and affixed to an article (11), comprising: 
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a soft magnetic member (26) formed into a flat plate and mounted on the article (11) at its back; and 
a coil body (14b) mounted at the front side of said soft magnetic member (26), 

wherein the number of turns and diameter of said coil body (14b) are set so that characteristics of said coil 
body have predetermined values. 

10. The antenna for RFID according to claim 8 or 9, wherein said soft magnetic member (26) has a value of 0.5 or 
more in the product of the magnetic permeability and the thickness in millimeters of the member (26). 

*• »" * * v ! 

' J - m . • - . ' 

11. The antenna for RFID according to claim 8 or 9, wherein said soft magnetic member (26) \s formed by any soft 
magnetic material such as a rapidly solidifiying material, casting material, rolling materials forging material, and 
sintering material of amorphous alloy, permalloy, magnetic steel, sillicon steel, sendust alloy, Fe-AI alloy, or soft- 
magnetic ferrite. 

1 2. The antenna for RFID according to claim 8 or 9, wherein said soft magnetic member (26) uses ^'composite material 
of fine particles or flakes of a metal or ferrite and plastic or rubber, or a film of a paint containing fine particles or 
flakes of a metal or ferrite. 

13. The antenna for RFID according to claim 8 or 9, wherein said soft magnetic member (26) is an adhesive sheet 
obtained by adhering a plurality of flakes made of a metal or soft magnetic ferrite to the surface of a base-material 
sheet made of plastic so that the flakes closely contact each other. 

14. The antenna for RFID according to claim 8 or 9, wherein said soft magnetic member, (^ys^ a laminated sheet 
obtained by arranging a plurality of flakes made of a metal or soft magnetic ferrite on the surface of a base-material 
sheet made of plastic so that the flakes closely contact each other, covering the flakes with a cover sheet made 
of plastic, and adhering said base-material sheet and said cover sheet together. ?; :^\\ ;- lr - ; r, v. 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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